Objectives: To implement and evaluate the effectiveness of a 10-module blended learning course on tuberculosis diagnosis for Ethiopian health care professionals.
The challenges related to human resource capacity development in resource-limited settings were reported to be the first barrier for health services implementation and health system strengthening programs. [1] [2] [3] The current output of health care providers in these settings does not meet the requirements for delivering quality health care. [3] [4] [5] For this purpose, different in-service trainings aimed at improving skills and competency of different cadres of health care professionals have been provided at national or regional levels. 5, 6 The pedagogical approach of most in-service trainings in these settings is content centered through lecture-based sessions delivered in central locations and with limited hands-on activities. This approach offers good chances of transferring knowledge. Nevertheless, it presents the challenge of combining theoretical aspects and hands-on activities for an ideal improvement in competency and performance. 7, 8 Besides, it limits active participation in the learning process to turn knowledge into practical skills relevant to daily work 9 and significantly interrupts routine health care services as trainees stay away too long from their health care facilities to take the course. 10 The higher costs of the content-centered off-site training delivery mode, combined with their impact on the flow of routine health care services, demand careful consideration of alternative in-service training approaches in resource-limited settings. The Ethiopian Public Health Institute (EPHI) is the technical body of the Federal Democratic Republic of Ethiopia Ministry of Health (FMoH) responsible for building the capacity of the national laboratory system. One of the major goals of the EPHI in these efforts is to expand and strengthen standardized training programs with the overall objective of improving the proficiency of the laboratory workforce for efficient and effective delivery of health services. 11, 12 At present, there are two ways to provide in-service trainings in Ethiopia: didactic training through class-based sessions and on-site mentoring/ coaching. Both approaches have pros and cons, but the combination of both may offer an opportunity for improving the performance of laboratory professionals in Ethiopia. In particular, in countries such as Ethiopia, where tuberculosis (TB) is the leading cause of morbidity and mortality, there is a growing need for relevant and practical education and training for frontline health care professionals. The aim of the study was to implement and evaluate the effectiveness of using a 10-module blended learning course on TB diagnosis for laboratory professionals in a resource-limited setting.
Materials and Methods
An implementation science research was conducted within the routine in-service training for health care professionals in Ethiopia. The procedure includes designing an interactive blended learning course, enrolling participants and providing the course, and conducting an end-course survey. Hands-on laboratory examination was performed at the Addis Ababa Regional Laboratory (AARL)-a designated public health laboratory for Addis Ababa with a World Health Organization (WHO) Regional Office for Africa International Organization for Standardization 15189 four-star rating.
Design and Development of the Course
Reviews were conducted on seven national guidelines/ manuals-namely, national in-service training directive for the health sector, 13 the Continuing Professional Development guideline for health professionals in Ethiopia, 2 national guideline for in-service laboratory training in Ethiopia, 11 master plan for the public health laboratory system in Ethiopia, 12 acid-fast bacilli (AFB) sputum smear microscopy training manual, 14 guideline for clinical and programmatic management of TB, TB/human immunodeficiency virus and leprosy in Ethiopia, 15 and AFB smear microscopy manual. 16 The review was intended to assess the regulations, guidelines, criteria, and methods of delivery of in-service training programs in Ethiopia, with a major emphasis given for TB trainings. Based on findings of the review and previous experiences of the investigators, an interactive blended course, which in this context is defined as a combination of online learning as education where content and instruction are delivered and learners evaluate primarily over the Internet, as well as a second portion comprising face-to-face activities and evaluations, was designed for AFB microscopy. The course was titled "Advanced Course on Acid-Fast Bacilli Sputum Smear Microscopy." The goal of the course was to apply the knowledge acquired from day-to-day practice by guiding learners to improve critical thinking, build practical skills, and investigate how to develop procedures to manage the quality of AFB sputum smear microscopy. The specific objectives of the course were to enable learners to explain the rationale for AFB microscopy services in TB control, describe the various AFB microscopy total testing process phases, critically analyze issues in the provision of quality results, identify the contextual factors that determine the AFB microscopy model, identify the current gaps affecting the quality of AFB microscopy at the site level, and develop a plan for quality improvement of AFB microscopy at the site. Upon completion of the course, trainees were expected to be more knowledgeable regarding the topic of the course and able to describe the advantages of following standard operating procedures, contextualize these advantages in their current working environment, and apply a quality-oriented approach to medical laboratory operations and procedures for AFB microscopy. This course adopted and used the national training curriculum for AFB sputum smear microscopy comprising 10 modules: (1) Tuberculosis and the Global Emergency, 14 Each module includes the purpose and objectives specific to the module, content outline, lecture notes, color figures as needed, and focus questions. During the first part of the course, which lasted 6 weeks, trainees accessed the web-based blackboard to gradually download the 10 text modules and other written materials and read without leaving their work, while the second part comprised a 1-day hands-on face-to-face evaluation. A total of 10 multiple-choice questions randomly selected from the course database were used to assess knowledge retention of participants at the end of each module. Participants needed to download and go through a module before taking its quizzes. Due to the fast pace of the course and the structured content of each module, trainees had only one attempt for each question. Once they answered the question, trainees received a comment to their answer and the rationale for the right answer at the same time. For each question, a maximum of 0.4 points were available, with a total of 4 points for each module and total of 40% of the final grade for all 10 quizzes. Written assignments were used at the end of three modules to practice critical thinking by turning theoretical concepts into practical skills. Specifically, by using this approach, trainees focused their efforts on applying the knowledge acquired from day-to-day practice at their current workplace. Each assignment had an average of 10 points for a total value of 30% of the final grade. To make the grading system logical and transparent, a grade rubric was developed for each assignment and posted on participants' blackboard together with assignment instructions. An additional 10% of the final grade was generated by the exercise provided at the end of the module on slide reading. Participants were asked to evaluate size, evenness, thickness, and background color of 10 different pictures of stained sputum smears.
The other 20% of the final grade came from the practical evaluation aimed at assessing slide preparation, smear staining, and grading according to the WHO/International Union Against TB and Lung Disease grading scale. This practical evaluation had three categories: smear preparation and safety (5/20), staining (5/20) , and reading known AFBstained slides and grading them accordingly (10/20) . For the first category, trainees were required to prepare one smear from each of the five different sputum samples. Trainees received a full mark for this category if they were able to fulfill four major criteria: (1) slides were clearly labeled with a laboratory serial number and labeling was made before sputum was smeared, (2) yellowish purulent particles of sputum were smeared and the smear was prepared in an oval shape in the center of the slide with a width of 2 to 3 cm Â 1 to 2 cm, (3) applicator sticks used for smearing were discarded immediately after use and all infected materials were placed in a discard bag, and (4) accurate smear thickness was assessed by checking newspaper readability while holding the smear 5 to 10 cm above the newspaper. In the second category, each trainee was expected to stain the five slides that he or she smeared, and a full mark was given in case of fulfilling the following three major criteria: (1) the smear was allowed to air-dry completely and fixed properly by passing the slide over the flame two to three times for about 2 to 3 seconds each time, (2) the slide was placed on the staining rack with the smear upward and separated from the other slides on the rack by the space of a finger, and (3) reagents were added on the slide in the correct sequence, with sufficient time allotted, by covering the entire slide without splashing one another. In the third category, five known (single-blinded) stained slides were given to each trainee to be read and graded. Two points were allotted to each slide, the first point for reading and the second point for grading.
Participants who obtained a total score above 50% by taking both web-based and practical evaluations were awarded with a certificate of successful completion reporting their name, the title of the course, period of the study, and the degree of proficiency achieved as follows: A (85%-100%), B (75%-84%), or C (50%-74%). However, students who scored B and above were considered the best fits, as also revealed by the national guidelines for in-service laboratory training in Ethiopia. 12 Participants who obtained a total score below 50% were awarded with a certificate of attendance reporting their name, the title of the course, and the period of study. Such participants had to sit for further mentorship by the AARL or got enrolled in the second cohort of the course to successfully complete the training.
Setting and Participants
The study setting includes all health facilities in Addis Ababa, which have been providing TB care and treatment service and had a documented history of participating in the national/regional external quality assurance scheme for AFB microscopy (n ¼ 87: public sector, 61; private sector, 18; nongovernmental organization [NGO], 8). From each facility category, 50% (n ¼ 44: public sector, 31; private sector, 9; NGO, 4) of health facilities were randomly selected based on the available funding of the investigator, of which two NGO health facilities were denied participation. The 42 facilities included general hospitals (n ¼ 9), health centers (n ¼ 25), higher clinics [an institution run by a general medical practitioner or specialist assisted by various other specialists where diverse outpatient medical services are given] (n ¼ 3), NGOs (n ¼ 2), and diagnostic laboratories (n ¼ 3).
The study population included all medical laboratory professionals who were working in the study facilities. Selection criteria included active engagement in AFB microscopy services, which should be supported and the nomination approved by the employees' institution. Participants could enroll in the course free of charge; however, they needed to cover any expenses of accessing course material and printing. This was done for the purpose of enrolling highly motivated trainees and piloting the effectiveness of the training approach so as to ensure the long-term sustainability of the learning model. The total number of participants eligible to be enrolled in the study was assumed to be 153. The assumption was derived by multiplying the number of health facilities of the study in each category with the minimum laboratory staffing requirements of the national standard: one microbiologist and seven medical laboratory technologists (MLTs) for a general hospital, 17 two MLTs/laboratory technicians for a health center, 18 two laboratory technicians for medium clinic [the next level to the primary level of health care in ambulatory health service that provides mainly curative, preventive, and promotive services]/private/NGO, 19 and seven MLTs for an advanced medical laboratory. 20 As the research project was part of the routine inservice training provided by the FMoH-EPHI to build the capacity of health care workers in the country, prior ethical AJCP / ORIGINAL ARTICLE reviews of the protocol by external authority or inclusion of consent procedures in the study were not compulsory. However, participants were informed that the information from the training would be used to learn how to improve inservice health training services and scale up TB case detection interventions in the country. To protect the participants' rights, their name or other information that could identify them was not released to the public. Participants were able to talk to the study investigators about their rights as a trainee and study participant at any time.
End-Course Survey
A survey was conducted with participants who attended the course by using a self-administered questionnaire that aimed to assess participants' previous computer/information technology skills, their view of online and normal classroom courses, and their experience accessing and attending the course. Participants filled out the paper-copy questionnaire while they arrived at the AARL to attend the hands-on part of the course.
Data Management and Analysis
The Mayo Clinic staff administered web-based operations of the interactive course from a remote location in the United States. After receiving an email of confirmation of enrollment, the participants received a course syllabus, the grading rubric, and the login instruction, which described how to access a password to login to the blackboard to learn how to attend the course and download web-based material. For the 10 modules, it was only at the end of each timesensitive module, which lasted for 3 working days and needed 2 to 3 hours to complete, that participants gained access to the following module. The participants received an "AFB microscopy quality assessment" tool to assess and improve at times the overall AFB microscopy capacity of their laboratory with the knowledge they gained through each module. External website links, which were mainly up-to-date TB guidelines of the WHO and the FMoH, were provided to participants as assigned readings in line with the course modules. A designated person based in Ethiopia was responsible for ensuring synchronous two-way communication between instructors and learners by regularly communicating with participants over the phone.
Descriptive statistics, independent-samples t test, oneway analysis of variance test, and mean percentage score were conducted for data analysis.
Results
Of the 108 health care medical laboratory professionals enrolled in the course, 81 (75%) attended. Of those who attended the course, 73 (90%) successfully completed the course. Among the 81 participants who took the course, five had an MSc degree, 29 had a BSc degree, and 47 had a diploma in medical laboratory technology or a related field of study. The highest number of participants, 65 (80%), came from government health facilities, followed by private health facilities (n ¼ 10; 12%) and NGO facilities (n ¼ 6; 8%). Among the 81 who attended, 48 (59%) worked in health centers, 15 (19%) in hospitals, 15 (19%) in diagnostic laboratories, and three (4%) in higher clinics.
Of the 27 participants who were invited but failed to take the course, six (22%) accessed the blackboard but could not take the course because of repeated network failures, nine (33%) failed to access the blackboard because of Internet cost implications, three (11%) required free Internet access prior to enrollment, and nine (33%) failed to be enrolled for an unknown reason as they did not respond to the phone call follow-up. At the initial stage, the delivery of the first email containing login instruction failed for nine (8%) of 108 participants. However, eight were reached by telephone and successfully enrolled in the course.
Among the 81 participants who attended the course, 29 (36%) scored A, 34 (42%) scored B, 10 (12%) scored C, and eight (10%) just received the certificate of participation. The average score was 70.6%, with the highest score of 90.3% and the lowest 51%. The percentage mean scores of quizzes, assignments/exercise, and the practical examination were 88% (35.2/40), 70% (28/40), and 95% (19/20) , respectively. For the practical examination, percentage mean scores of smear preparation and safety, staining, and reading and grading were 94% (4.5/5), 95% (4.76/5), and 95% (9.5/ 10), respectively.
As shown in Table 1 , the minimum score obtained by all participants in all 10 modules was 1.6 (40%) of 4, and this happened in four (40%) of 10 modules. However, the maximum score observed was 4 (100%) of 4, and this happened in all 10 modules. The minimum and maximum average quiz scores were 2.8 of 4 and 3.4 of 4, respectively. The highest and lowest numbers of participants who scored 4 of 4 on the quiz were observed in module 9 (45/81; 56%) and module 1 (10/81; 12%), respectively Figure 1 . Similarly, the highest and the lowest mean scores on the quiz were observed in module 9 (3.76/4) and module 1 (3.2/4), respectively.
Regarding the practical examination, in category 1 (smear preparation and safety), the maximum percentage error of 7% was recorded on sputum smearing due to failure to smear samples properly. The minimum percentage error of 3% was recorded in this category on labeling due to errors in slide labeling. In category 2 (staining), the maximum percentage error of 6% was recorded on slide arrangement due to failure to separate slides from one another with a finger thickness. The minimum percentage error of 4% was recorded in category 2 due to failure to add each reagent to cover the entire slide without splashing one another. In category 3, 95% of participants were able to correctly read and grade five single-blinded stained smears.
There was no statistically significant difference noted in competency among participants enrolled from government, private, and NGO facilities (P ¼ .386). Similarly, there was no statistically significant difference among participants enrolled from higher health care facilities (hospitals and regional laboratories) and lower health care facilities (health centers and clinics) (P ¼ .533).
For the survey study, of the 81 participants who were given the questionnaire, 67 responded for a response rate of 82.7%. Findings showed that 94% of participants had no experience taking online courses during their professional services. Responding to computer technology access outside the work area, 74% had no access to a computer, 18.5% had a personal computer but no Internet connectivity, 5% had access to a computer with Internet part of the time, and 2.5% had a computer with Internet connectivity. Most participants (99%) were attending the web course through a third party (ie, a friend, Internet café, workplace, etc), and 55% had difficulty connecting and logging into the blackboard at any time and 59% from anywhere. Participants were able to access the web course contents through their cellphones to respond to course questions, although effective utilization was hindered by slow Internet connectivity. Participants' overall satisfaction with the course was 88%, and 94% would recommend the course to other health care professionals.
Discussion
The blended learning approach designed and implemented in Ethiopia has revealed enrollment and successful completion of many frontline health care professionals with minimum loss of valuable time in the workplace. This would be a key advantage for sustainable development of human resources for health and uninterrupted quality-ensured health care services. The high number of participants (90%) who successfully completed the course is a very positive indicator that participants were available to invest their own financial resources for continuing professional development. Related studies in other countries also had reported better outcomes of using blended learning approaches. [21] [22] [23] [24] [25] [26] [27] [28] A second outcome was the excellent timeliness shown by all participants in submitting the assignment and finishing each module in time, despite the higher pace of the course. Despite the higher pace of the course, only 12% of participants failed to complete the course, mainly due to lack of regular access to the Internet and difficulty in managing their time. This gap can be reduced if free access to the Internet is available at health facilities or training cost reimbursement programs are established to motivate and fully engage participants in the course. Despite this, the approach, with its high satisfaction score of 88%, was shown to motivate participants to capture new and up-todate information that can develop their skills and competencies at their own pace. There were no statistically significant differences in total scores between participants enrolled from different types or levels of facilities, which signifies that enrollment from various levels of health facilities is possible. According to analysis of the mean percentage score, participants had the highest score on the practical examination, followed by quizzes and assignments and exercises. This indicated that participants were converting the knowledge they gained in a practical manner. The other positive reason that affected the high completion rate of this blended learning course was the limited amount of course content provided in favor of more time for critically thinking through the assignments. With this approach, participants were able to integrate the theoretical training with their own day-to-day practices. The variety of teaching methods followed helped to make the approach more interesting and spread it out over a greater elapsed time. Studies prove that a blended learning approach has a significant change in participants' knowledge when measured against a traditional training approach. [27] [28] [29] The increase over time in both the mean score on the quiz and the number of students who scored 4 of 4 per module showed that trainees needed some time to adapt their learning styles to online delivery. The only exceptions were observed in the last module (subject matter was quality assurance of sputum microscopy), which showed that the subject of quality was the gap with highest priority to be covered.
The approach we proposed had the potential to successfully integrate the ongoing strategy of refitting regional health bureaus and strengthening their roles as training centers. In this context, the instructional approach offered the following advantages:
1. Reduce the costs of training significantly. By using this approach, face-to-face training is limited to hands-on and good clinical practice only. 2. Accommodate a high number of trainees. 3. Transform the knowledge into skills effectively. By studying at their own pace, learners experience the relevance of new information on a daily basis in their working environments. 4. Motivate learners. Since only above-standards trainees will receive a certificate of proficiency, this approach aims at creating commitment and self-motivation. 5. Facilitate human resources management. Health facility managers can integrate the learning modules into their staff professional development plans and use the outcomes of the courses for evaluating employees' performance.
6. Reallocate resources for determining effectiveness of training. With less time spent in classes, trainers will have more time for mentoring visits at the site level, where they can follow up and discuss the action plans developed during the training. 7. Improve the quality of health services and hence the number of health facilities accredited with the WHO Regional Office for Africa or Ethiopian National Accreditation Office scheme.
The blended learning approach was implemented and evaluated with health care professionals in Ethiopia, which should also be evaluated in other resource-limited countries and with a larger number of participants.
Conclusion
The blended learning on TB was the first experience in Ethiopia and provided a learning platform that is flexible, selfpaced, and in demand to conveniently train health care personnel as needed. Blended learning was an effective pedagogic approach for medical laboratory professionals because of the crucial need for hands-on training for practicing and translating knowledge into skills. It can be adopted for a number of courses for different health care professionals and can benefit health care professionals and health facilities. This approach also has the advantages of keeping the costs of the entire course low and reaching a greater number of participants, all without significant disruption of work schedules. Hence, inservice health trainings in resource-limited settings should transform from a passive one-time event with a pre-post assessment approach to an active and continuous behavioral change of participants and improvements in their actual work.
